We investigated the effects of non-pungent pepper powder fermented by Bacillus licheniformis SK1230 on the fat accumulation in mice. Four weeks of feeding a high-fat diet with fermented pepper powder resulted in a significantly decreased hepatic total-lipid level and increased serum HDL-cholesterol, and tended to lower the fat weight. These results suggest that fermented pepper powder inhibited fat accumulation and improved lipid metabolism in mice fed the high-fat diet.
Pepper, Capsicum spp., belongs to the Solanaceae family, and its fruit is used in cooking as a food additive or spice. Pepper is particularly used in many traditional foods in Korea. 1, 2) The chemical, capsaicinoid, yields the hot or spicy taste when pepper is eaten. Capsaicin (8-methyl-N-vanillyl-6-nonenamide) and its various homologs (e.g., dihydrocapsaicin, nordihydrocapsaicin, homocapsaicin, and homodihydrocapsaicin) belong to the capsaicinoid family. Approximately 80-90% of the hot taste component in pepper is due to capsaicin or dihydrocapsaicin. 2) Capsaicin has a variety of protective effects and is used as an antioxidant 3) and as an analgesic liniment for arthritis and headache. 4) Capsaicin also has an anti-obesity effect. 5, 6) Capsaicin in the human body induces the secretion of catecholamines 7, 8) to increase energy metabolism 5) which can reduce body fat over the long term. 9) However, the use of capsaicin as a food additive is limited in the food industry because of its hot and spicy nature. 2, 10) Several capsaicin-degrading enzymes have been identified. 11) Bacillus licheniformis SK1230 is a capsaicin-degrading bacteria that has been isolated from traditional Korean pickled pepper, and its capsaicin-degrading properties have been demonstrated with standard capsaicin. 10) Kawada et al. have reported that a capsaicin-degrading enzyme exists in the organs of rats, particularly in the liver. 12) This enzyme hydrolyzed the amide bond of capsaicin to vanillylamine to become vanillin, vanillyl alcohol, and vanillic acid. 12) They have examined whether such standard enzymes as pepsin, trypsin, protease, peptidase, or aminoacylase, which hydrolyze the amide bond of a normal peptide, degraded the amino bond of capsaicin, but have reported that these enzymes were not degraded, indicating the presence of a capsaicin-degrading enzyme that specifically hydrolyzed the amide bond of capsaicin.
2) Suh et al. have reported the hypolipidemic properties of fermented capsicum, 13) and Chang et al. have reported the weight reduction effect of fermented a red pepper extract. 14) In this study, chungyang pepper (Capsicum annuum L.) was fermented by B. licheniformis SK1230, and we tested whether the natural capsaicin in pepper was degraded. The effects of fermented pepper on the accumulation of body fat and on the improved lipid metabolism in mice were also examined. These effects generally resulted from the stimulation of transient receptor potential vanilloid 1 (TRPV1). If these effects occurred, we considered that something else was stimulating TRPV1, because only a small amount of capsaicin is present in fermented pepper powder.
Standard capsaicin (natural, capsaicin:dihydrocapsaicin ¼ 65:35) was purchased from Sigma-Aldrich (St. Louis, MO, USA). Korean chungyang peppers were purchased from a local market in Hwayang-dong, Seoul, Korea, and were ground with a blender and then freezedried. Approximately 40 g of this pepper powder was mixed with 1 L of a medium (sodium acetate, 1 g/L; K 2 HPO 4 , 0.1 g/L; MgCl 2 , 0.01 g/L; NaCl, 1 g/L) and 1.5% glucose. After adjusting to pH 7 and sterilizing, the medium was inoculated with 1% B. licheniformis SK1230 acquired from the Laboratory of Feed Biotechnology and Applied Molecular Microbiology of Konkuk University, Seoul. During fermentation for 28 d at 37 C, the 1, 5, 10, 13, 16, 20, 24, and 28-d samples were freeze-dried and stored at À80 C. Capsaicin from the pepper powder samples was extracted with an acetic acid:methanol solution (1:9, v/v) and quantified by an 1100 series high-performance liquid chromatograph (Agilent, Santa Clara, CA, USA).
15) The mobile phase was 70% methanol (1% acetic acid) at a flow rate of 0.7 mL/min. The column was a Supelcosil LC-ABZ (250 mm Â 4:6 mm, 5 mm) and a model 1100 Agilent absorbance detector was used at 280 nm. Results are expressed as the sum of capsaicin and dihydrocapsaicin.
All animal experiments were approved by the Institutional Animal Care and Use Committee (IACUC approval no. KU12030). Seven-week-old male ICR mice (DBL, Chungcheongbuk-do, Korea) were assigned to three groups (seven mice/group) and fed the follow-ing diets (Feedlab, Gyeonggi-do, Korea, 4.5 g mouse/d) for 4 weeks: CON (control diet), high-fat diet (HFD, 45% kcal), and fermented pepper powder (FP, 45% kcal high-fat diet). Each diet was restricted to make the total food intake the same among the three groups. The composition of the CON diet (AIN-93G) was 20 kcal% protein, 64 kcal% carbohydrate, and 16 kcal% fat.
16) The HFD and FP diets contained protein (20 kcal%), carbohydrate (35 kcal%), and fat (45 kcal%), and lard for the high-fat and FP diets additionally contained 5.2% fermented pepper powder which had been fermented until its capsaicin content was <0:01%. The fermented pepper powder supplemented to the FP diet contained 18% protein, 28% carbohydrate, 4% fat, and 25% dietary fiber. The food consumption was measured at regular times, and the total food intake (g) was calculated between the feed (g) offered the previous day and the remaining feed (g) the next day. The food efficiency ratio (FER) was calculated as FER (%) ¼ (total body weight gain [g]/total food intake [g]) Â 100. Body weight was measured once per week by using an Adventurer AR2140 digital balance (Ohaus Corp., Parsippany, NJ, USA), and the mice were fasted for 24 h and anesthetized with diethyl ether at the end of the experiment. Blood was collected from the abdominal aorta by using a sterilized syringe, and the organ, fat, and tissue weights were measured with the digital balance. The liver was stored at À80 C until needed for analysis. The total lipid content in the liver was extracted with a chloroform:MeOH solution (2:1 v/v) and measured by Folch's method with some modifications.
17) The triglyceride and total cholesterol contents in the liver were measured from the total lipid samples by using a kit (Asan Pharm. Co., Seoul, Korea). The collected blood was stored at room temperature for 3 h and centrifuged with a VS-550 multi-tube carrier refrigerated centrifuge (no. 9 rotor, Vision Scientific, Daejeon, Korea) at 3,000 rpm for 20 min to separate the serum at 4 C. Serum samples were stored at 4 C until needed for analysis. Serum triglycerides, total cholesterol, and high density lipoprotein (HDL)-cholesterol were analyzed with an enzymatic colorimetric assay (Modular Analytics, PE, Roche, Mannheim, Germany) by Green Cross Corp. (Gyeonggi-do, Korea). All results are expressed as the mean AE standard deviation and were analyzed by using SAS ver. 8.2 software (SAS Institute, Cary, NC, USA). Duncan's multiple-range test was used to determine significant differences among the mean values (p < 0:05).
The total capsaicin content of normal pepper powder is presented at fermentation time 0 (Table 1 ), the total capsaicin content then decreasing significantly as fermentation continued. After 24 and 28 d of fermentation, dihydrocapsaicin could not be detected, and the total capsaicin content did not differ significantly (p > 0:05). The total capsaicin content was maintained at about 20%/g of pepper powder until day 10 of fermentation which may have resulted from adding glucose to inoculated B. licheniformis SK1230. Inoculated B. licheniformis SK1230 first utilizes glucose rather than capsaicin as an energy source, so that capsaicin degradation would not begin until the glucose had been exhausted. 10) If glucose is not added, the amount of sugar available for the metabolism of B. licheniformis SK1230 becomes lower, so it might make the capsaicin extinction point time (e.g., day 24 in Table 1 ) earlier.
The initial number of B. licheniformis SK1230 was approximately 7 log 10 (CFU/g), increasing to 9.47 log 10 (CFU/g) on the 1st day, decreasing to 9.12 log 10 (CFU/g) on the 5th day, then increasing again to 9.73 log 10 (CFU/g), and subsequently not differing significantly (p > 0:05) up to 20 d after inoculation. Homeostasis and the addition of glucose might have increased B. licheniformis at the early stage of fermentation (0-1 d). After the exhaustion of glucose, the amount of B. licheniformis decreased (1-5 d), but adaptation to the new environment and using capsaicin might have resulted in the increased amount of B. licheniformis. The total capsaicin content decreased during the fermentation process, whereas the amount of B. licheniformis SK1230 remained unchanged. The B. licheniformis SK1230 population may therefore have been maintained by using capsaicin as well as other energy sources in the pepper that had been metabolized after exhausting the glucose.
The body weight, food consumption, FER (%), liver and fat tissue weights, and the amount of total lipid in the liver of the three groups are shown in Table 2 . The high-fat diet (HFD and FP) groups showed significantly more body weight gain than the CON group (p < 0:05) which may have been due to consumption of the high-fat diet. The total food intake among the three groups was not significantly different, because the diet was restricted. The total food intake was significantly lower than that in the HFD and FP groups (p < 0:05, unpublished data) when we restricted feeding to other mice by using the high-fat diet supplemented with normal pepper powder. This supports the notion that the hot taste and flavor of pepper powder were decreased during fermentation and that the fermented pepper powder was non-pungent. FER (%) is an index related to the digestion and use of nutrients. 18) Lee 1) and Chung 19) have reported that the total food intake in an HFD group was lower than that in a CON group, but that FER (%) was increased by the consumption of a high-fat diet. In the present experiment, FER (%) in the high-fat diet groups was significantly increased (p < 0:05), but no significant difference was apparent in the total food intake (p > 0:05). The liver weight of the FP group was not significantly different from that in the other groups (p > 0:05). The retroperitoneal fat weight of the mice in the HFD group was significantly higher than that in the CON group (p < 0:05), and that of the mice in the FP group was not significantly different from the CON or HFD groups (p > 0:05). The high-fat diet groups showed significantly higher epididymal fat weight than the CON group (p < 0:05), which may have been attributable to the high-fat diet. However, the fat tissue weight in the FP group was consistently lower than that in the HFD group. The total lipid amount in the liver of the HFD group was highest among the three groups (p < 0:05), that of the FP and CON groups not being significantly different from each other (p > 0:05). The HFD and FP groups had a higher hepatic total lipid content than that of the CON group, possibly because of the high fat content in their diets. However, the fermented pepper powder mixed into the high-fat diet of the FP group may have affected the level of total lipid in the liver; therefore, the HFD and FP groups showed a significant difference (p < 0:05). Capsaicin binds with TRPV1, induces secretion of catecholamines, stimulates the sympathetic nerve resulting in lipolysis, 2) suppresses fat accumulation, and promotes energy metabolism.
20)
The FP group in this study showed a lower hepatic total lipid content than that in the HFD group. A capsaicinlike substance might therefore be present in fermented pepper, although this must be clarified further. Figure 1 shows the amounts of triglycerides and total cholesterol in the liver. Similar to the total lipid content in the liver, the triglyceride and total cholesterol levels in the liver of the HFD group were higher than those of the CON group. The total cholesterol content was not significantly different among the three groups (p > 0:05), but the FP group showed a lower mean value than that in the HFD group. Table 2 shows the serum levels of triglycerides, total cholesterol, and HDL cholesterol. Such numerical values can differ based on the animal strain; 21) therefore, the serum lipid level of each group should be compared to that of CON group relatively, not absolutely. The serum triglyceride levels in the high-fat diet groups were significantly higher than those in the CON group (p < 0:05), the level in the FP group having a lower mean value than that in the HFD group (p > 0:05). The FP group showed significantly higher total and HDL cholesterol levels than the other groups (p < 0:05). HDL eliminates excess cholesterol from tissues. 22 ) Such a disease as atherosclerosis can occur if the cholesterol levels continue to increase. HDL is therefore important and an increase in the serum HDL-cholesterol level is beneficial to health. Kawada et al. have reported that capsaicin had an effect on accelerating the activity of such an enzyme as lipoprotein lipase (LPL) related to lipid metabolism. 9) LPL hydrolyzes triglycerides to free fatty acids and glycerol. It therefore decreases the serum triglyceride content. Capsaicin in this study was degraded in fermented pepper and an improved level of lipid metabolism was apparent. This effect was generally from capsaicin, although fermented pepper, which contains little capsaicin, resulted in an improved level of lipid metabolism. Additional experiments should be conducted to clarify the fermentation products and their effects. These results suggest that B. licheniformis SK1230 was a capsaicin-degrading microorganism and that fermented non-pungent pepper powder may inhibit the accumulation of body fat and improve lipid metabolism in mice fed a high-fat diet.
